Background: Available data in the literature comparing different induction chemotherapy (IC) regimens on locoregionally advanced nasopharyngeal carcinoma (NPC) are scarce. The purpose of the present study was to evaluate the outcomes of locoregionally advanced NPC patients who were treated with taxane, cisplatin and 5-fluorouracil (TPF) or cisplatin and 5-fluorouracil (PF) as IC followed by concurrent chemoradiotherapy (CCRT).
Introduction
Nasopharyngeal carcinoma (NPC) is a distinct form of head and neck cancer in terms of its etiology, epidemiology, pathology, clinical presentation, and treatment responses [1, 2] . Because of its unique anatomical location and mild, non-specific symptoms, 60-70% of patients present with locoregionally advanced disease at diagnosis [3] . Due to its radiosensitive properties and deep-seated location, radiotherapy is the cornerstone of initial treatment [2, 4, 5] . Moreover, concurrent chemoradiotherapy (CCRT) has been shown to improve survival and is considered the standard-of-care after the landmark intergroup 0099 trial [6] . However, distant metastasis remains a key problem; more than 30-40% of locoregionally advanced NPC patients will develop distant metastasis after standard therapy [7] . Thus, a more efficacious treatment regimen is needed.
Induction chemotherapy (IC) has advantages over adjuvant chemotherapy, including improved tolerability and the early eradication of micrometastases [8, 9] . Recently, several randomized studies and meta-analyses have demonstrated that IC significantly improved disease-free survival (DFS), overall survival (OS) and distant metastasis-free survival (DMFS) [10] [11] [12] [13] [14] . Based on these encouraging results, sequential IC followed by CCRT has been included as an option in both the National Comprehensive Cancer Network (category III evidence) [15] and the EHNS-ESMO-ESTRO clinical practice guidelines (category IIB evidence) [16] . Nevertheless, the best IC regimen for NPC has not been defined.
Several randomized trials have demonstrated that OS and progression free survival (PFS) in head and neck cancer were significantly increased by an IC regimen consisting of taxane, cisplatin, and fluorouracil (TPF) compared with cisplatin and fluorouracil (PF) [17, 18] . These trials confirmed TPF as the optimal IC treatment regimen for head and neck cancer. In locoregionally advanced NPC, Sun et al. [11] found that compared with CCRT alone, IC based on TPF plus CCRT significantly improved OS; the 3-year OS rate of the IC group was 92%, which was higher than the group with IC based on PF in previous randomized trials [14, 19] . It remains unknown whether TPF significantly prolongs survival compared to PF as an IC regimen in locoregionally advanced NPC. Thus, we conducted a retrospective, propensity score-matched (PSM) analysis of locoregionally advanced NPC patients who received IC, which either did or did not contain taxane in combination with cisplatin and fluorouracil (TPF or PF, respectively).
Patients and methods

Patient selection
We identified patients with newly diagnosed, biopsy proven, stage III-IVb NPC according to the American Joint Committee on Cancer classification system who were treated at Sun Yat-sen University Cancer Center between January 1, 2000 and June 1, 2013. Patients who received IC + CCRT as primary treatment (with either TPF or PF as the IC backbone) were included. Patients who had received other anticancer agents in addition to these initial treatments, had missing medical data, or died during radiotherapy were excluded. Additional information, including demographics, pathological diagnosis, date of diagnosis, imaging results, family history, smoking history, Karnofsky Performance Status (KPS), chemotherapy pattern and drugs, radiation technology and dosage, and follow-up were collected from the hospital information system and paper medical records. T-and N-stages were re-categorized based on the original magnetic resonance imaging (MRI)/computed tomography (CT) imaging, and all patients were re-staged according to the 7th edition of the American Joint Committee on Cancer classification system.
This study was performed in accordance with the Institutional Review Boards of our institution. Written informed consent was obtained from each patient, including signed consent for tissue analysis and consent to be recorded for potential medical research at the time of sample acquisition. Patients in the PF arm received intravenous cisplatin (100 mg/m 2 ), followed by fluorouracil (1000 mg/m 2 ) per day as a continuous 24-h infusion for 5 days. The cycles were repeated every 3 weeks.
CCRT
RT was given to the nasopharynx and neck using intensity-modulated radiotherapy (IMRT) or two-dimensional radiotherapy (2D-CRT) 5 days/week. The IMRT dosevolume histograms of the treatment targets and critical normal structures were evaluated. The prescribed dose was 70 Gy to the primary tumor, and 60-66 Gy to any involved cervical lymph nodes in 30-32 fractions. 2D-CRT-accumulated radiation doses were 68-76 Gy, with 2 Gy per fraction applied to the primary tumor, and 60-66 Gy applied to involved cervical lymph nodes. Our policy was to accept a plus or minus 5% variation across the target. All patients received a concurrent chemotherapy regimen of cisplatin weekly or every 3 weeks during radiotherapy.
Follow-up
The date of last follow-up was defined as the last image study and/or clinic visit and/or telephone follow-up. The final follow-up data were updated on October 8, 2015. Patients received follow-up every 3 months for the first 3 years after IC + CCRT, every 6 months for the next 2 years, and then annually, including physical examinations, chest X-ray, abdominal ultrasonography, MRI of the head and neck and/or bone scan, until the end of the study. All survival data were calculated from the date of diagnosis to the date of each event or the last follow-up.
Statistical analysis
The primary outcomes were OS, DSS, DMFS and locoregional relapse-free survival (LRFS). OS, DSS, DMFS and LRFS were defined as the time from diagnosis to death from any cause, death resulting from NPC or treatment complications, the first distant metastasis, or to the first locoregional relapse. All data, including diagnoses of metastasis and/or local-regional relapse, were audited by the first three co-authors and the last author. Hematological and gastrointestinal reactions were evaluated for acute IC-associated toxicity and were classified based on the National Cancer Institute Common Terminology Criteria for Adverse Events version 4.0.
We analyzed the clinical characteristics and toxicities of the two treatment groups using the Chi squared test. Survival curves for the original unmatched and PSM cohorts were analyzed using the Kaplan-Meier method and log-rank tests. A multivariable Cox regression analysis was used to adjust for IC regimens, sex, age, smoking, the cisplatin dose of concurrent chemotherapy (CDDP dose), time to RT, number of IC cycles, T-stage, N-stage, clinical stage and radiation techniques with a forward logistic regression method and analysis, including covariates that were statistically significant in univariable analysis of the PSM cohort. The results of this analysis are presented as hazard ratios (HRs) with 95% confidence intervals (CIs).
A propensity score analysis was undertaken to adjust for potential biases associated with factors related to receiving specific treatments [20] . Propensity scores were computed by logistic regression for each patient based on the presumed covariates, which included sex, age (≤ 45/> 45), smoking (yes/no), BMI (< 19/19-24/> 24), KPS (< 90/≥ 90), T-stage, N-stage, clinical stage and radiation techniques. The PSM, was generated using all reported covariates with a one-to-one nearest neighbor matching algorithm at a caliper of 0.2. We used SPSS version 22.0 (IBM, Armonk, NY, USA) for statistical analyses, and PSM analyses were performed using R (version 3.2.3). Statistical significance was set at 0.05, and all tests were two-tailed.
Results
Study cohort characteristics
Between January 2000 and June 2013, 1879 locoregionally advanced NPC patients were treated with IC + CCRT, among which, 1256 received PF or TPF as the IC backbone ( Fig. 1 ). Among these 1256 patients, 315 (25.1%) were treated with TPF + CCRT and 941 (74.9%) received PF + CCRT. The male:female ratio of the entire cohort was approximately 3:1. Before matching, patients who received TPF as IC were more likely to receive IMRT (P < 0.001). After matching, the distribution of radiation techniques was well-balanced between the two groups. Also, all reported parameters were balanced among the two groups, and no statistical differences were detected. Baseline characteristics of the study cohort are shown in Table 1 .
Survival outcomes
With a median follow-up of 65 (range: 3-174) months, the 5-year OS, DSS, DMFS and LRFS rates for the entire cohort were 80.1, 80.6, 82.9, and 90.7%, respectively. The 5-year OS, DSS, DMFS and LRFS rates for the TPF vs. the PF group were 87.8% vs. 78% (P < 0.001, Fig. 2a ), 88.1% vs. 78.7% (P < 0.001, Fig. 2b ), 88.6% vs. 80.6% (P = 0.008, Fig. 2c ), and 89.2% vs. 91.0% (P = 0.582, Fig. 2d ), respectively.
A multivariate analysis was performed using a Cox proportional hazards model to adjust for the various prognostic factors (Table 2) . Consistent with the univariate results, multivariate analysis revealed that the TPF-based IC regimen was associated with significantly improved 
Propensity score
Propensity score-matched identified 294 patients in each cohort: the 5-year OS rates for patients treated with TPF and PF were 88.1 and 80.7%, respectively (P = 0.042, Fig. 3a) , the 5-year DSS rates were 88.5 and 80.7% (P = 0.021, Fig. 3b ), the 5-year DMFS rates were 87.9 and 78.6% (P = 0.012, Fig. 3c ), and the 5-year LRFS rates were 89.5 and 91.0% (P = 0.517, Fig. 3d ). Multivariate analysis was also performed in the PSM cohort to adjust for various prognostic factors (Table 3 ). This multivariate analysis confirmed that an IC regimen of TPF significantly improved OS (HR, 0.581; 95% CI 0.371-0.910; P = 0.018), DSS (HR, 0.543; 95% CI 0.343-0.859; P = 0.009) and DMFS (HR, 0.551; 95% CI 0.357-0.850; P = 0.007) in the PSM cohort. There were no significant differences in LRFS (HR, 1.179; 95% CI 0.667-2.084; P = 0.572).
Toxicity
Patients toxicities in the PSM cohort were retrospectively evaluated. Regarding hematologic toxicities, the incidences of grade 3/4 anemia (6.5% vs. 2.7%, P = 0.047) and grade 3/4 thrombocytopenia (8.8% vs. 3.4%, P = 0.009) Table 4 .
Discussion
In a large, single institution-based cohort of locoregionally advanced NPC patients who received IC + CCRT, we found that a TPF-based IC regimen significantly improved OS, DSS and DMFS compared with a PF regimen. The TPF regimen also showed acceptable toxicities. To control for potential confounders, a PSM analysis was performed, which also confirmed the consistency of these results. Updated meta-analyses and systematic reviews of clinical trials have demonstrated a survival advantage to the addition of concomitant chemotherapy to radiotherapy in patients with locoregionally advanced NPC [12] . However, distant metastasis remains a critical issue, as more than 30% of patients with locoregionally advanced NPC develop distant metastases after CCRT, ultimately succumbing to the disease [7, 21] . Benefits have been seen regarding the eradication of distant micrometastases and reduced locoregional failure with IC; the use of chemotherapy as IC before radiation is an attractive model. In a randomized phase II comparison of chemoradiotherapy (cisplatin) with or without IC, Hui et al. [10] reported that the 3-year PFS and OS rates were 88 and 94% in the IC group, respectively, and 60 and 68% in the control group without IC, respectively. Moreover, Sun et al. [11] conducted a randomized phase III study to compare three cycles of induction docetaxel, cisplatin and continuous intravenous fluorouracil followed by CCRT with CCRT alone. IC significantly increased the 3-year failure-free survival, OS and DMFS rates of their patient population. Most recently, a phase III multicenter randomized controlled trial reported that IC improved 3-year DFS (P = 0.028) and DMFS rates (P = 0.056) compared with CCRT alone in locoregionally advanced NPC [14] . Despite the demonstrated merit of adding IC to CCRT for locoregionally advanced NPC treatment from intense investigations of this approach, studies comparing different IC regimens are scarce.
The PF regimen is the most commonly used IC treatment strategy. In the 1990s, Hareyama et al. [22] conducted a randomized study to compare two cycles of PF-based IC followed by radiotherapy with radiotherapy alone. The 5-year DMFS for patients in the IC + radiotherapy arm was 74% compared with 56% for patients in the radiotherapy-only arm. Moreover, a randomized study of 408 patients designed to compare two cycles of induction floxuridine plus carboplatin followed by radiotherapy with or without concurrent carboplatin (IC + CCRT vs. IC + radiotherapy) for patients with locoregionally advanced NPC was performed, and 5-year OS rates of 70.3 and 71.7% (P = 0.734) were found in the IC + CCRT and IC + radiotherapy groups, respectively [19] . Taxanes are microtubule-stabilizing drugs that have been extensively used as effective chemotherapeutic agents for solid tumors treatment [23, 24] . The TAX 323 study was the first to demonstrate the benefits of adding docetaxel to cisplatin and 5-fluorouracil as an IC for locoregionally advanced head and neck cancer. Patients in the TPF group experienced a significant 27% reduction in mortality and an improved median OS of 4.3 months [17] . Later, the TAX 324 study [25] and the GORTEC laryngeal study showed that TPF was significantly better than PF at improving survival, local control, and organ preservation and was associated with manageable toxicity [18, 26] .
Because the epidemiology, histology, clinical behavior, and treatment responses of NPC differ from other head and neck cancers, the efficacy of adding a taxane to PF as an IC regimen for locoregionally advanced NPC patients is unclear. In a phase II trial designed to compare TPF with PF as IC regimens in locoregionally advanced NPC patients under the age of 21, Casanova et al. [27] found no differences between the two groups in terms of efficacy or toxicity. This negative result may be attributable to the small sample size and/or the specific adolescent patient population. Recently, a prospective, randomized non-inferiority study evaluated the benefits and side effects of two cycles of TPF as IC compared with two cycles of PF for locoregionally advanced NPC patients. After a short follow-up of approximately 36 months, Jin et al. [28] found no significant differences in PFS between the two groups. However, the small sample size and short-term follow-up period limit these results.
We conducted this retrospective study to compare the outcomes of locoregionally advanced NPC patients who were treated with TPF or PF as IC followed by CCRT in a large cohort with long-term follow-up. We found that TPF-based IC significantly improved long-term OS, DSS and DMFS compared with PF. Interestingly, the 3-year OS and DSS rates for patients treated with TPF and PF were not significantly different. Rather, significant difference presented gradually after 3 years, especially at 5 years, which may partially explain the negative results of the study by Jin et al. In their study, the median followup was only 36 months, which may not have been long enough to observe differences between the two groups. Locoregional relapse and/or distant metastasis are the major reasons for treatment failure and death in locoregionally advanced NPC patients [29] . Previous studies have reported that death from locoregional relapse and/ or distant metastasis primarily occurs during the first 3 years after diagnosis [11, 14] . In our study, the median OS of patients who developed locoregional relapse or distant metastasis was 38.5 months, and more than 60% of the patients were alive after 3 years of diagnosis. Moreover, in our cohort, more patients died of disease failure after 3 years. Therefore, we believe that greater than 3-year follow-up is needed for NPC patients to determine therapeutic efficacy.
Induction chemotherapy may shrink the primary tumor, providing a wider margin for radiotherapy and reduced organ toxicities. Previous clinical trials have reported that these two IC regimens can achieve satisfactory locoregional control rates [11, 14] . In our study, the 5-year LRFS rates for the whole cohort were both satisfactory and showed no difference between the TPF and PF groups (91.0 and 89.5%, respectively). It is notable that a significantly larger proportion of patients in the PF group underwent 2D-RT techniques. This means, that to some extended, the addition of IC to CCRT was helpful for the local-regional control of NPC regardless of radiation technique. In contrast, the survival benefits of the TPF regimen could also be attributed to a decrease in distant metastasis. Distant metastasis is the most important and lethal outcome for NPC patients; thus, this result suggested that the TPF regimen may provide a better long-term survival and control of distant metastasis in patients who are at a high risk of disease dissemination.
With regard to toxicity, the two regimens were well tolerated, and nearly all patients completed more than two cycles of IC. Acute toxicities during IC were mainly hematologic (neutropenia and anemia), and these incidences were uncomplicated and manageable. Notably, neutropenia was more common in the TPF arm (40.1%) than in the PF arm (29.6%), whereas anemia was more common in the PF arm than the TPF arm. Moreover, the incidence of grade 3/4 nausea/vomiting was higher in the PF group than in the TPF group. The reduced fluorouracil and cisplatin doses administered in the TPF regimen likely minimized gastrointestinal reactions, nut may attributable to the higher anemia rates. Additionally, the additional of a taxane may be responsible for bone marrow suppression. There were several limitations to this analysis that must be considered. First, although our cohort is likely to be representative of the majority of patients diagnosed with NPC in South China, this was a single-center study. Second, although we used PSM, a method designed to minimize the impact of observed confounders, to account for potential confounders, this was a retrospective analysis, and the results may have been subject to residual confounding variables. For example, we had incomplete data of acute toxicity, such as mucositis, odynophagia, or infectious fever and plasma Epstein-Barr virus DNA, which is one of the major limitations of this study.
Conclusions
In summary, TPF as an induction regimen before CCRT may improve disease control for locoregionally advanced NPC compared with the PF regimen. A prospective randomized clinical trial to validate these results is necessary.
